Introduction {#S0001}
============

Hypertension is a clinical syndrome characterized by increased blood pressure in the systemic arteries, and can progress to terminal damage in the heart, brain and kidneys. More than 200 million patients are currently diagnosed with hypertension in China, and its incidence rate has been increasing among the younger demography as well.[@CIT0001],[@CIT0002] Hypertension is also a risk factor for cardiovascular and cerebrovascular diseases,[@CIT0003] and long-term high blood pressure can damage the blood--brain barrier (BBB), eventually resulting in central nervous system diseases.[@CIT0004] Carnevale[@CIT0005] and Young[@CIT0006] et al showed that hypertension promotes the occurrence and progression of Alzheimer's disease in mice by increasing the BBB permeability, which can lead to the deposition of amyloid-beta (Aβ) plaques in the brain parenchyma and cerebrovascular wall.[@CIT0007]

The BBB prevents the intrusion of substances into the cerebrospinal fluid from the surrounding blood vessels, thereby protecting and maintaining the stability of the brain microenvironment, along with the homeostasis of ions, hormones and neurotransmitters in the brain tissues.[@CIT0008] The BBB consists of the three cellular components of the brain microvascular system, namely endothelial cells, astrocytes and pericytes.[@CIT0008] Studies have identified a high density of covered pericytes in the cerebral vascular wall, indicating an important function in the brain.[@CIT0009],[@CIT0010] Indeed, previous studies[@CIT0010],[@CIT0011] have shown that pericytes can promote BBB function by secreting various soluble factors such as Ang-1.[@CIT0012] In addition, pericyte apoptosis increases BBB permeability, which in turn diminishes the stability of the brain microenvironment, possibly resulting in the development and progression of brain diseases.[@CIT0013],[@CIT0014] The miR-181a alleviates cognitive deficit by slowing pericyte loss and BBB breakdown via inhibition of pericyte apoptosis.[@CIT0015] In addition, the brain microvascular cells of spontaneous hypertensive rats (SHR)[@CIT0016] show alterations in the apoptosis-related p53, MAKP and Jak-STAT pathways, indicating that hypertension can trigger apoptosis in these cells.

Salvianolic acid A (SA) is a water-soluble phenolic acid compound extracted from the dried roots and rhizomes of *Salvia miltiorrhiza* bunge. Studies show significant antioxidant,[@CIT0017] anti-thrombosis,[@CIT0018] neuroprotective,[@CIT0019] cardioprotective,[@CIT0020] and anti-apoptotic effects of SA. In addition, SA can also alleviate cerebral ischemia-induced damage of neuronal and vascular cells through its anti-apoptotic effects.[@CIT0021],[@CIT0022] In this study, we investigated the effects of SA on BBB permeability and brain microvascular pericyte apoptosis in SHR rats. SA restored the permeability of BBB in the SHR rats by inhibiting apoptosis of pericytes via the p53 and the Ras/Raf/MEK/ERK pathways. Taken together, SA is a potential therapeutic agent that can prevent brain diseases in patients with hypertension.

Materials and Methods {#S0002}
=====================

Treatment of SHR Rats {#S0002-S2001}
---------------------

All animal experiments were approved and performed in accordance with relevant guidelines and regulations by the Laboratory Animal Welfare and Ethics Committee of the Institute of Microcirculation, Peking Union Medical College & Chinese Academy of Medical Sciences. Thirteen-week-old male SHR and Wistar Kyoto (WKY) rats were purchased from Vital River Laboratory Animal Technology Co. Ltd (License No. SCXK2014-0004), and divided into the control (WKY), SHR, SHR+SA-L (low dose), SHR+SA-M (medium dose) and SHR+SA-H (high dose) groups. Accordingly, the animals were injected daily with 2.5 mg/kg, 5 mg/kg and 10 mg/kg SA (E-0539, Tauto Biotech, Shanghai, China) via the intraperitoneal route for 4 weeks.[@CIT0021],[@CIT0023] The control rats were injected with the same volume of saline.

Assessment of BBB Permeability {#S0002-S2002}
------------------------------

BBB permeability was assessed by Evans Blue (EB) extravasation as described previously.[@CIT0024] Briefly, 2% (w/v) EB in saline (Sigma-Aldrich, St Louis, MO) was administrated to the animals by intraperitoneal injection. After 3h, mice were anesthetized by pentobarbital sodium and transcardially perfused with 4% paraformaldehyde in saline. The brains were removed, dried, weighed and subsequently homogenized in 50% trichloroacetic acid for 72h at room temperature, and centrifuged at 10,000×g for 10 min. The fluorescence of the supernatants was detected at excitation and emission wavelengths of 620 and 680 nm, respectively, and the dye concentrations were calculated based on the standard curve of EB (0, 50, 100, 200, 400, 800, 1600, 3200 and 6400μg in trichloroacetic acid) relative to the amount of tissue (μg EB/mg of tissue).

Isolation, Culture and Identification of Pericytes {#S0002-S2003}
--------------------------------------------------

After the treatment regimen, SHR rats were decapitated and their brains were resected under sterile conditions. The tissues were immersed in pre-chilled PBS and the pericytes were isolated and purified as previously described.[@CIT0025],[@CIT0026] Briefly, meninges and large pial vessels were removed, and the gray matter was isolated under a dissecting microscope. The tissues were minced in ice cold Dulbecco's modified Eagle's medium (DMEM) supplemented with collagenase type II (1 mg/mL), DNase I (15 µg/mL) and gentamicin C (50 µg/mL), and digested for 1.5 h at 37°C. The digested microvessels were precipitated by centrifugation in 20% bovine serum albumin/DMEM at 1000 g for 20 min. After digesting further for 1h at 37°C using DNase I (6.7 µg/mL) and collagenase/dispase (1 mg/mL; Roche, Switzerland), the microvessel clusters were separated on a 33% continuous Percoll (GE Healthcare, UK) gradient (1000 g, 10 min), and washed twice with DMEM. The isolated microvessels were cultured in Pericyte Medium (Catalog Number: 1201, ScienCell) consisting of 500 mL basal medium, 10 mL fetal bovine serum, 5 mL pericyte growth supplement, and 5 mL penicillin/streptomycin solution. After 14 days of culture, the pericytes were identified by immunostaining with PDGFRβ and NG2 as previously described.[@CIT0027]

Western Blotting {#S0002-S2004}
----------------

The fibroblast-like synoviocytes and synovial tissues were homogenized in RIPA Lysis Buffer (P0013K, Beyotime, ShangHai, China), and the protein concentration in the lysates was analyzed using the BCA Protein Assay Kit (P0010S, Beyotime, ShangHai, China). Equal amounts (50 µg) of protein per sample were separated by 10% SDS-PAGE and transferred to PVDF membrane. After blocking with 5% skim milk powder for 1h at room temperature, the blots were probed overnight with anti-p53 (1:500, ab131442), anti-p21 (1:1000, ab109199), anti-Cdk2 (1:2000, ab32147), anti-Cdk6 (1:2000, ab241554), anti-cyclin D1 (1:3000, ab40754), anti-cyclin E1 (1:2000, ab71535), anti-Fas (1:1000, ab82419), anti-Fas ligand (1:500, ab231011), anti-caspase-3 (1:500, ab13847), anti-cleaved caspase-3 (1:1000, ab2302), anti-Bax (1:1500, ab32503), anti-Bcl-2 (1:500, ab59348), anti-Ras (1:500, ab52939), anti-Raf1 (1:1000, ab50858), anti-MEK1 (1:1000, ab96379), anti-MEK2 (1:500, ab30622), anti-Erk1 (pT202/pY204) + Erk2 (pT185/pY187) (1:5000, ab50011) and anti-β-actin (1:3000, ab8227) primary antibodies at 4°C. Following incubation with HRP-conjugated goat anti-rabbit IgG H&L (ab6721, 1:1000, abcam, Cambs, UK) or HRP-rabbit anti-mouse IgG H&L (ab6728, 1:1000, abcam, Cambs, UK) for 1 hour at room temperature, the positive bands were visualized using the BeyoECL Plus chromogenic kit (P0018S, Beyotime, ShangHai, China), and the densities were analyzed by the Beckman Coulter Immunoassay System (UniCel DxI 800, Beckman, CA, USA).

MTT Assay {#S0002-S2005}
---------

Pericytes were seeded in a 96-well culture plate at the density of 2×10^3^ cells/well, and treated with varying concentrations of Ang2 (0.01 µM, 0.1 µM, 1 µM and 10 µM) or SA (1 µM, 5 µM, 10 µM and 20 µM) for 3, 6, 12 and 24h. After suitable treatment, 10μL MTT (10mg/mL) was added to each well, and the cells were incubated for 4 hours. The supernatants were then aspirated, and the formazan crystals were dissolved with 100μL DMSO per well. After 30 min, optical density (OD) was measured at 570 nm using a plate reader spectrophotometer.

Apoptosis and Cell Cycle Analysis {#S0002-S2006}
---------------------------------

Pericytes were treated with 1μM Ang2 for 12h with/out a 6h SA (20µM) pre-treatment. The control, Ang 2 and Ang2+SA cells were harvested and incubated with 100µL propidium iodide (PI) and 300µL Annexin V‑FITC staining solution (Sigma‑Aldrich; Merck‑Millipore) for 15 min in the dark. The apoptotic cells were analyzed by flow cytometry (Accuri C6 Flow Cytometer, BD Biosciences, Franklin Lakes, NJ, USA). To evaluate the cell cycle, the harvested cells were fixed overnight with 70% chilled at 4°C. After washing with PBS, the cells were stained with PI and analyzed by flow cytometry.

Statistical Analysis {#S0002-S2007}
--------------------

SPSS20.0 was used for statistical analysis. Student's *t* test and ANOVA with Duncan's post hoc test were, respectively, used to compare two or multiple groups. P values \<0.05 were considered statistically significant.

Results {#S0003}
=======

SA Attenuated the Permeability of BBB in SHR Rats {#S0003-S2001}
-------------------------------------------------

The permeability of BBB was measured in terms of EB leakage. As shown in [Figure 1](#F0001){ref-type="fig"}, the EB content was significantly higher in the SHR compared to the healthy control rats. However, SA markedly lowered EB extravasation in the SHR rats in a dose-dependent manner.Figure 1Effect of SA on EB content in brain tissue of SHR rats. (**A**) Chemical structure of Salvianolic acid A; (**B**) detection of permeability of BBB by EB. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 versus the SHR group.

SA Restored the Expression of Cell Cycle- and Apoptosis-Related Proteins in the Cerebral Pericytes of SHR {#S0003-S2002}
---------------------------------------------------------------------------------------------------------

Morphology of pericytes from WKY and SHR and expression of generic markers had been revealed. After 3 days of cultivation, part of pericytes had crawled out of the brain microvessels, and 14 days later, reached almost full confluence. Co-expression of PDGFRβ and NG2, as determined by immunofluorescence, identified the isolated cells as pericytes ([Figure 2](#F0002){ref-type="fig"}). The in situ p53 and p21 expression was significantly higher in the cerebral pericytes of SHR compared to normal control rats, and were downregulated by SA in a dose-dependent effect ([Figure 3](#F0003){ref-type="fig"}). In contrast, the cell cycle progression-related CDK6, cyclin D1, CDK2 and cyclin E proteins were significantly lower in the SHR compared to the controls, and upregulated by SA in a dose-dependent manner ([Figure 3](#F0003){ref-type="fig"}). The pericytes of SHR also expressed high levels of pro-apoptotic proteins, such as Fas, FasL, cleaved-caspase 3/caspase 3 and Bax, while the anti-apoptotic Bcl2 was downregulated. SA treatment restored the levels of all apoptosis-related proteins ([Figure 4](#F0004){ref-type="fig"}). Consistent with this, the pro-survival Ras/Raf/MEK/ERK signaling pathway was inhibited in the SHR, with significantly lower levels of Ras, Raf, p-MEK1, p-MEK2, p-ERK1 and p-ERK2 compared to the control rats, which increased after SA treatment ([Figure 5](#F0005){ref-type="fig"}). Taken together, SA alleviated apoptosis in the cerebral pericytes of rats with hypertension, and promoted cell cycle progression.Figure 2Isolation, cultivation, and identification of pericytes from cerebral microvessels. (**A**) Isolated microvessels were cultured in the pericyte medium. (**B**) Pericytes crawled out from the microvessels on Day 3. (**C**) Pericytes crawled out from the microvessels on Day 7. (**D**) Pericytes crawled out from the microvessels on Day 14; (**E**--**H**) co-expression of PDGFRβ and NG2, as determined by immunofluorescence, identified the isolated cells as pericytes. (**E**) PDGFRβ-stained pericytes. (**F**) NG2-stained pericytes. (**G**) Dapi-stained nucleus. (**H**) Merged.Figure 3Effect of SA on cell cycle-related protein expression in the pericytes from cerebral microvessels of SHR rats. The rats in the control group were WKY, while SA was injected daily into SHR rats for 4 weeks. The SHR rats were assigned into 4 groups: SHR, SHR+SA-L (2.5 mg/kg SA), SHR+SA-M (5 mg/kg SA), and SHR+SA-H (10 mg/kg SA). (**A**) Western blot assays for p53, p21, CDK6, cyclin D1, CDK2 and cyclin E proteins in the pericytes. (**B**) Protein relative levels for p53 and p21. (**C**) Protein relative levels for CDK6 and cyclin D1. (**D**) Protein relative levels for CDK2 and cyclin E. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 versus the SHR group.Figure 4Effect of SA on apoptosis-related protein expression in the pericytes from cerebral microvessels of SHR rats. The rats in the control group were WKY, while SA was injected daily into SHR rats for 4 weeks. The SHR rats were assigned into 4 groups: SHR, SHR+SA-L (2.5 mg/kg SA), SHR+SA-M (5 mg/kg SA), and SHR+SA-H (10 mg/kg SA). (**A**) Western blot assays for Fas, FasL, cleaved-caspase 3/caspase 3, Bax and Bcl2 proteins in the pericytes. (**B**) Protein relative levels for Fas and FasL. (**C**), Protein relative levels for cleaved-caspase 3/caspase 3. (**D**) Protein relative levels for Bax and Bcl2. E. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 versus the SHR group.Figure 5Effect of SA on the Ras/Raf/MEK/ERK pathway in the pericytes from cerebral microvessels of SHR rats. The rats in the control group were WKY, while SA was injected daily into SHR rats for 4 weeks. The SHR rats were assigned into 4 groups: SHR, SHR+SA-L (2.5 mg/kg SA), SHR+SA-M (5 mg/kg SA), and SHR+SA-H (10 mg/kg SA). (**A**) Western blot assays for Ras, Raf, p-MEK1, p-MEK2, p-ERK1 and p-ERK2 protein in the pericytes. (**B)** Protein relative levels for Ras and Raf. (**C**) Protein relative levels for p-MEK1 and p-MEK2. (**D**) Protein relative levels for p-ERK1 and p-ERK2. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 versus the SHR group.

SA Reduced Ang2-Induced Apoptosis of Cerebral Microvessels Pericytes {#S0003-S2003}
--------------------------------------------------------------------

Ang2 induced apoptosis in the cerebral pericytes in a time- and dose-dependent manner ([Figure 6A](#F0006){ref-type="fig"}), which was significantly alleviated by SA ([Figure 6C](#F0006){ref-type="fig"}) without any inherent toxicity ([Figure 6B](#F0006){ref-type="fig"}). Consistent with this, the Ang2-induced changes in the expression levels of apoptosis-related proteins (Fas, FasL, cleaved-caspase 3/caspase 3, Bax and Bcl2) were restored by SA ([Figure 6D](#F0006){ref-type="fig"}). Ang2 also increased the proportion of cells in the G0/G1 phase and decreased that in the S and G2 phase, which corresponded to the upregulation of the checkpoint inhibitors p53 and p21, and downregulation of CDK6, cyclin D1, CDK2 and cyclin E compared to the control pericytes. Pre-treatment with SA reversed the Ang 2-induced changes in cell cycle ([Figure 7A](#F0007){ref-type="fig"}), as well as the expression levels of the key proteins, reduced the expression level of these proteins ([Figure 7B](#F0007){ref-type="fig"}). Mechanistically, SA activated the Ras/Raf/MEK/ERK pathway by upregulating Ras, Raf, p-MEK1, p-MEK2, p-ERK1 and p-ERK2 in the Ang2-treated pericytes ([Figure 8](#F0008){ref-type="fig"}).Figure 6Effect of SA on Ang2-induced apoptosis in pericytes. (**A)** 0.01 μM, 0.1 μM, 1 μM and 10 μM Ang2 were separately incubated with the pericytes for 0h, 3h, 6h, 12h and 24h, respectively, and then assayed for cell viability by MTT assay; (**B**) 1 μM, 5 μM, 10 μM and 20 μM SA were separately incubated with the pericytes for 0h, 3h, 6h, 12h and 24h, respectively, and then assayed for cell viability by MTT assay; (**C**) the flow cytometry analysis was used for apoptosis detection in pericytes in three experimental groups (WT, Ang2 and Ang2+SA). The pericytes in WT group were inoculated without any intervention (a). In Ang2 group, pericytes were incubated with 1 μM Ang2 for 12h (b). In Ang2+SA group, pericytes were incubated with 20 μM SA for 6h and after that, incubated with 1 μM Ang2 for 12h (c). The statistical analysis of the apoptosis detection (d); (**D**) Western blot assays for the apoptosis related-proteins expression. Wild-type (WT) refers to the pericytes from cerebral microvessels of normal rats that received no treatment. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 versus 0 h; and ^\#\#^P\<0.01 and ^\#\#\#^P\<0.001 versus Ang2 group.Figure 7Effect of SA on pericytes cell cycle after Ang2 induction. The pericytes from cerebral microvessels of normal rats. There were three experimental groups (WT, Ang2 and Ang2+SA). (**A**) Flow cytometry analysis for pericytes cell cycle detection; The pericytes in WT group were inoculated without any intervention (a). In Ang2 group, pericytes were incubated with 1 μM Ang2 for 12h (b). In Ang2+SA group, pericytes were incubated with 20 μM SA for 6h and after that, incubated with 1 μM Ang2 for 12h (c). The statistical analysis of the cell cycle detection (d). (**B**) Western blot assays for the cell cycle related-proteins expression. ^\#\#^P\<0.01 and ^\#\#\#^P\<0.001 versus Ang2 group.Figure 8Effect of SA on the expression of Ras/Raf/MEK/ERK pathway proteins in the pericytes after Ang2 induction. The pericytes from cerebral microvessels of normal rats. There were three experimental groups (WT, Ang2 and Ang2+SA). The pericytes in WT group were inoculated without any intervention. In Ang2 group, pericytes were incubated with 1 μM Ang2 for 12h. In Ang2+SA group, pericytes were incubated with 20 μM SA for 6h and after that, incubated with 1 μM Ang2 for 12h. Western blot assays for the expression of Ras, Raf, MEK1, MEK2, ERK1 and ERK2 proteins. Wild type (WT) refers to the pericytes from cerebral microvessels of normal rats that received no treatment. ^\#^P\<0.05, ^\#\#^P\<0.01 and ^\#\#\#^P\<0.001 versus Ang2 group.

Discussion {#S0004}
==========

Acute and chronic hypertension are known to disrupt the BBB,[@CIT0028],[@CIT0029] and alterations in brain microvascular permeability and BBB integrity often precede a chronic hypertensive state.[@CIT0030],[@CIT0031] In the present study, the brain tissues of the SHR were significantly more permeable compare to that of control mice. Although the exact molecular mechanism underlying hypertension-induced BBB damage is unknown, studies show that chronic hypertension causes functional changes in the cerebral endothelial cells, astrocyte termini and pericytes.[@CIT0008] Pericytes are located on the microvascular wall of the brain. They are surrounded by the basement membrane, and are closely linked to endothelial cells and astrocyte terminal foot processes.[@CIT0032],[@CIT0033] Pericytes regulate cerebral blood flow and maintain BBB integrity, along with regulating neuroimmunity and pluripotent stem cell differentiation.[@CIT0032],[@CIT0033] Pericyte dysfunction is associated with several central nervous system diseases, such as Alzheimer's disease,[@CIT0034] ischemic stroke,[@CIT0035] subarachnoid hemorrhage[@CIT0036] and epilepsy.[@CIT0037] In a previous study, we found that the expression of key proteins involved in p53/MAPK/JAK-STAT pathways, as well as cell cycle-related proteins, was significantly altered in the brain microvascular pericytes of SHR.[@CIT0016]

Salvianolic acid A and salvianolic acid B (SB) are water-soluble extracts of *Salvia miltiorrhiza*, and have similar chemical structures and pharmacological effects. SA attenuated the increased BBB permeability in SHR, and inhibited apoptosis in the microvascular pericytes of the hypertensive animals. Mechanistically, SA restored cell cycle progression and the MAPK pathway that were downregulated in the SHR pericytes.

TP53 is the master regulator of apoptosis and cell cycle,[@CIT0038] and is activated following a stressful stimuli. The wild-type p53 protein interacts with the cell cycle inhibitor p21[@CIT0039],[@CIT0040] that blocks multiple cyclin-CDK complexes such as cyclin D1-CDK6, cyclin E-CDK2 and cyclin A-CDK2, and interrupts the cell cycle at the G1 phase. This stalls DNA replication and allows the damaged cells sufficient time to repair.[@CIT0039],[@CIT0040] In case, the DNA damage is extensive and cannot be repaired, p53 activates the apoptosis program through different pathways. It transcriptionally inhibits the pro-survival Bcl2,[@CIT0041],[@CIT0042] and activates the pro-apoptotic Bax.[@CIT0043] In addition, p53 can also induce apoptosis via the death signaling receptor protein pathway. A previous study showed that p53 transiently sensitized cells to Fas-induced apoptosis by inducing Fas-FADD binding.[@CIT0044] Ang2 is a growth factor belonging to the angiopoietins and is involved in endothelial physiology and cardiovascular remodeling. Ang2 expression is triggered by inflammatory conditions, such as hypertension.[@CIT0045] Hypertensive patients had higher levels of plasma Ang-2.[@CIT0046] Ang2 can induce pericyte and astrocyte apoptosis.[@CIT0047],[@CIT0048] There are reported that Ang2 induces pericyte loss in normal mice retina and in mice overexpressing Ang2.[@CIT0049],[@CIT0050] The major receptor in the angiopoietin/Tie signaling pathway is Tie2. However, Tie2 is not always responsible for Ang2-induced functions, and an interaction with other transmembrane molecules has been identified. There are reported that Ang2 induced pericyte apoptosis via Ang2/α3β1-integrin/p53 signaling pathway and Ang2 induced astrocyte apoptosis under high glucose via αvβ5-integrin/GSK-3β/β-catenin pathway.[@CIT0047],[@CIT0048] Furthermore, SB can inhibit acute ethanol-induced hepatocyte apoptosis via the p53 pathway.[@CIT0051] These findings indicate that SA also alleviates pericyte apoptosis in SHR rats by targeting the p53 pathway.

In the present study, SA upregulated the Ras/Raf/MEK/ERK signaling pathway in brain microvascular pericytes in SHR, and also reversed Ang2-induced inhibition of this pathway. Activation of the Ras/Raf/MEK/ERK pathway induces cyclin D1, which is essential for G1/S phase transition, as well as formation of the cyclin B/CDK1 complex that further promotes cell entry into the M phase. Therefore, constitutive activation of ERK can prevent apoptosis by promoting cell cycle progression.[@CIT0052]--[@CIT0054] Previous studies have shown that SA promotes metastasis of squamous cell carcinoma through the c-Raf/MEK/ERK pathway.[@CIT0055] Furthermore, SB can also promote osteogenesis of human mesenchymal stem cells and prevent oxidative stress-induced apoptosis in rat bone marrow stem cells by activating the MEK/ERK pathway.[@CIT0056],[@CIT0057] Taken together, SA maintains pericyte survival and is a promising therapeutic agent against hypertension.

Conclusion {#S0005}
==========

Hypertension increased BBB permeability in a rat model, which was alleviated by SA via inhibition of pericyte apoptosis. In addition, SA also reversed Ang2-induced apoptosis of cerebral microvessel pericytes by inhibiting p53 and activating the Ras/Raf/MEK/ERK pathway ([Figure 9](#F0009){ref-type="fig"}).Figure 9Proposed model for this study. SA ameliorated the permeability of BBB in spontaneously hypertensive rats through the inhibition of apoptosis of pericytes via the p53 and the Ras/Raf/MEK/ERK pathways. SA reduced Ang2-induced apoptosis of cerebral microvessels pericytes by in vitro inhibiting p53 and activating Ras/Raf/MEK/ERK pathway.
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